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SUIv^4ARY 

An investigation vas made to determine the effects of slot 
shape and flap location on the characteristics of an NACA 66,2— 2l6 
(a = 0.6) airfoil equipped vith a 0.25— chord slotted flap to provide 
a basis for the stiidy of drooped ailerons. T\-ro slots were investigated 
and practical flap paths vere selected for each. One slot had a rounded 
entry; the other had an entry designed to reduce the gap vith the flap 
retracted to a practical minimum. 

Slot shape was f oimd to have a negligible effect on the maximum, 
lift coefficient if the flap was properly located. With the flap 
deflected, the rounded— entry slot had lower drag coefficients for 
intermediate lift coefficients than the minimum-gap slot. For either 
slot, the increment of section pitching-moment coefficient caused by 
flap deflection was approximately proportional to the increment of 
section lift coef f icienb. 

With the flap retracted the minimumr-gap slot had a lower 
minimum profile— drag coefficient, low— d-rag cliaract eristics over a 
larger range of lift coefficients, and slightly higher section 
pitching— moment coefficients than ":.he rounded— entry slot. 

The flap locations for maximum lift and minimum drag with 
respect to the airfoil (flap deflected) were further aft and higher 
with the minimumr-gap slot than with the rounded— entry slot. 



2 



MR No. 



LkL28 



INTEOr)UCTION 



For some time the T^atioral Advisor/ Coraniittee for Aeronautics 
has boen investigati:ng airfoils eav.ipped with high—lift devices for 
the purpose of improving the performance characteristiczj of theae 
airfoils. The resuJLts of tests of lov7--<li"a.g airfoils equipped with 
slotted flapc have heen presented in reference 1. The resuJ.ts of 
reference 2 show tliat^ on conventional airfoils^ openings in Lhe 
airfoil surface caused a meaGurahle ircrease in drag of the airfoil 
for the condition of high-speed flight. It was also found that the 
location of the flap had a large influence on the magnitude of the 
maximum ohtainahle lift coeff icienls. 

To provide a "basis for a study of :;he characteristics of 
drooped ailorons^ the effects of sloe shape and flap location on 
the section aerodynamic characteristics of a low-c^-rag airfoil were 
determined and practical flap paths were selected. 

Tlie oests were corductod in bhe 7- hy 10-foot wind tui-ir.el NOo 1 
of the Ames Aeronautical T.ahoratory . 



The coefficients used in che presentation of results are as 
follows : 



Ac-? ircrement of section lift coefficient due to flap deflection 



Cjn. section pitching-moment coefficient ahout quarter chord of 
section with flap in neutral position (m/qc^) 

Ac^ increment of section pitching-moment coefficient due to flap 



C0E?7ICrEiNTS AI© COEEECTIONS 



section lift coefficient (l/qc) 




profile-drag coefficient (d^/qc) 



deflection 



where 



secoion lift 



d^ profile drag 

m section pitching moment 
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q dynamic pressure (^pV^) 

c airfoil chord including flap 

and 

angle of attack for infinite aspect ratio^ degrees 
6f flap deflection^ degrees 

The lift, prof ile-d2rag, and pitching-^cment coefficierts have 
teen corrected for turne.l-wall effects. A comparison of force-test 
rep.ults with pressure-^distrihution measurements of section lift and 
pitching-moment coef f iciertL; indicated negligihle end-plate effect 
on these coefficients. The end-plate effect on the profile-drag 
coefficients was determined ty a comparison of meas-urements of the 
loss of momertiAm in the ving wake with the force-test measm^ements . 
All the results have heen corrected for this effect. 



MODEL AKD APPA'RATUS 

^rhe airfoil was constructed of laminated mahogany to the 
NACA 66,2-216 (a = 0.6) profile of li-foot chord. The airfoil 
ordinates are given in tahle I. The aft 0.35 chord of the airfoil 
was made removahle to allow the testing of different slots. The 
airfoil and flan were equipped with a single row of pressure orifices 
tuilt into the upper and lo\^er surfacc;S at the midspan station. The 
orifice locations are listed in tahle II. The flap was constructed 
of laminated mahogany to conform to the profile of the norn^.l 
airfoil section. The flap ordinates are given in tahle III. The 
details of the two slots tested are shown in figure 1. Slot A had 
a rounded entry, while slot B had an entry designed to reduce the 
gap with the flap retracted to a prac'-.ical minimujn. The slots will 
he referred to hy their letter designations throughout the remainder 
of this report. 



TEST INSTALLATION 

The airfoil was mounted vertically in the 7- hy 10-ioot wind 
tunnel No. 1 completely snanning the height of the tunnel, as 
shown in figure 2. T'omtahles, 6 feet in diameter, were attached 
rigidly to the model and mounted flush with the tunnel floor and 
ceiling. Provisions were made for changing the angle of attack, 
flap deflection, and the normal and chordwise location of the flap 
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whil'3 the turnel vos in operation. 



TESTS 

Tlie tei;ts were condutcted at a dynsiaic press-ure of 50 pounds 
por sqvare fooc^ corresponding to a Reynolds number of approximately 
5^100^000 (Mach nuniber of approx. O.I9). Lift^ drag^ and pitching— 
moment measniementc \t(^tg made throughout the useful angle— of--a btaclc 
range for a constant flap deflection and posici on. An average of 
20 flap locations vas investigated with each slot for flap deflection 
of C^, 10^, 20^, 30^, hO^ , and 50^. A very limited number vere also 
investigated for Uj^. Dv.e to the high loads imposed upon the balance 
sy^^tem and the nature of the stall of the nodel^ very fow test points 
vere obtained after the stall. Tlae maximujii lift, ho-wever, was 
measured for every flap location. 



RESULTvS AW DISCUSSION 

The results of tests to determine the of feces of slot shape 
and flap location on the characteristics of a low-drag airfoil 
equipped with a 0.25--chord slotted flap are presented as contours 
of the nose position of the flap for constant lift and drag ccef i'i- 
cients. The reference point for these contours was taken as the 
intersection of the airfoil chord lino and the flap nose with the 
flap retracted (station 0.755 chord on the chord line). 

The variation of maximi>mi lift coefficient with flap location 
and deflection is shown in figure 3 for sloo A and in figure k for 
slot B. The flap location with respect to the airfoil for Diaximaim 
lift at a given deflection is further aft and higher with slot B 
than with slot A. The maximujn measured lift coefficient was 2.89 
with slot A (fig. 3(d)) and 2.90 with slot B (fig. U(d)). The 
difference between these values is within the experimen ta-l accuracy 
of the tests. Both maximum values were measured with ^0^ flap 
deflection. Due to time limitations, the maximum possible lif 
coefficient was r.ot measured for all flap deflections. 

The lift coefficients for which the conr.ours of constant Crag 
coefficients are presented were selected to cover the range of lift 
coefficients for which the drag coefficient is decreased by flap 
deflection. These data arc presented for varioiis flap deflections 
with slot A in figure 5 and with slot B in figure 6. As in the 
case of the maximum lift coefficient, the flap location for 
minimiim drag, at a giver deflecbion and lift coefficient, is. farther 
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aft and higher vith slot B than vith slot A, The m easure d minimum 
drag coefficients for intermediate lift coefficients are lower vith 
slot A than with slot B. Hiis is prohahly the result of smoother 
flo^NT through the slot with the rounded entry. 

Complete aerodynamic characteristicc of the airfoil with slot A 
are shown in figure 7 for the flan path descrihed hy figure 8. For 
this path the flap is simply hing'^d about a point 80.25-percent wing 
chord from the leading edge of the airfoil and 8--percent wing chord 
"below the chord line. The charac berietics of the airfoil with slot B 
arc shown in figure 9 for the flap path described by figui^e 10, ^For 
this path the flap nose m.oves aft and up along a straight line with 
the flap deflection increasing as the flap is extended. Tliese flap 
paths were chosen with a view toward a practical installation. 
Sufficient data have been preserted in the form of contours (figs. 3 
to 6) to estimate the maximum lift and drag characteristics for 
alternate flap paths. 

Envelope polars for tho two flap paths are shorra in figure 11. 
Data for the plain airfoil as taken from reference 1 are also shown 
for comparison. As shown by this figure, lower profile drag was 
obtained with slot A than with slot B for lift coefficients from 
0.65 to 2.65. The irregularities in these curves are caused by a 
shift of the low-drag range with flap deflection (figs. 7 and 9). 

A comparison of the maximum lift-coefficient increments due to 
flap deflection for the two flap paths is shown in figure 12. For 
further comparison, curves are zho\m for the me.ximum llf tr-coef f Iclent 
incremei^ts measin-ed with the two slots. As shown by figure 12, and 
figures 3 and the m s^ximum measured lift ccef f icien": was obtained 
at a flap deflection of hO^ for boi:h slots. It should be re-emphasized 
that a limited -number of points were taken for the contours so that 
the maximum obtainable lift was not measirred for every flap deflection, 
particularly for the low deflections. 

As illustrated by figure 13, the increments of section pltchlng- 
moment coefficient due to flap deflection are approximately 
proportional to the i.icrem.ents of section lift coefficient. The 
variation shown is for zero angle of attack for the selected flap 
paths. 

A comparison of the section aerodynamic characteristics of the 
airfoil, with the slotted flap undef lected, with the 
characteristics of the plain wing as taken from, reference 1 is 
shown in figure Ik. As shoTO by "chis figure, the drag increment 
due to the addition of the slot was considerably higher with slot A 
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than vith slot B, The mlniTnum prof ile— drafi; coefficient vas 0.0055 
vith slot A and O.OOi4-2 with slot B as compared to O.OO^lO for the 
plain airfoil. The ro-nge of lift coefficients for which lov-drag 
characteristics were apparent was J.arger with slot B than with slot A 
(fig. 1^). 



COITCLUDI?IG WiAEKS 

The res-ults of the tests to determine the effects of slot shape 
and flap location on the characteristics of a low-drag airfoil 
equipped with a 0.25-chord slotted flap indicated the following: 

1. Slot shape ha.d a negligible effect on the maxim-um lift 
coefficient for tho two slots tested if the flap was properly located. 

2. For intermediate lift coefficients with the flap deflected, 
the rounded— entry slot had lower profile drag. 

3. For either slot the increment of section pitching-moment 
coefficient due to flap deflection was approximately proportional 
to the increment of section lift coefficient. 

h. The addition of the minimum ga.p slot to the plain a.irfoil 
caused an increase in the section prof ile— drag coefficient of 
0.0002 (flap retracted), while the addition of the rounded—entry 
slot caiised an increase of 0.0015. 

5. Low drag was obtained for a larger range of lift coeffi- 
cients with the minimumr-vgap slot (flap retracted) than with the 
rounded— entry slot. 

6. Tile pitching-^moment coefficients were slightly higher with 
the minimun>-gap slot (flap retracted) than with the rounded-entry 
slot. 

i-jaes Aeronautical Laboratory, 

National Advisory Coiimiittee for Aeronautics, 
Moffett Field, Calif. 
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TA.BI.E T,_ OSDINATES FOE MCA 66,2-2l6 (a = 0.6) AIRFOIL 
[stations and ordinates in percent of airfoil chord ] 



Upper 


surface 


Lover 


surface 


Station 


Ordinate 


Station 


' Ord?" nate 


. — 

0 




C 


— 

0 




0 


• 371 


1.2^2 


.629 


—l . 112 




1 . 501 


.893 


--I.319 


le091 


1.000 


1,U09 


—1 . oOo 


2-317 


2 . 0I9 


2 , 683 


-2 . 127 




3 "701 


5.206 


-2 . 809 


7.28k 


1 ^ _ 


7.716 


-3.U41 


9.781 


5- '^C3 


10.219 


-3-93^ 


T y. r-»00 

1^,7^0 


6.5CO 


3.5.212 


-4.702 




7 . ^'-20 


20.19^ 


—5.290 




0.155 


25-. loo 


— 5.7'H 


29.002 


0,700 


30.-1.30 


—0 . OoO 


3^^.897 


9.093 


35a03 


-6,312 


39.936 


9.356 


Uo.o6Ji 


-6.462 


i^l+,978 


9.i^-71 


II5.022 


-6.523 


50.023 


9.''-31 


lv9.977 


-6.483 


55.073 


9.22U 


5^^ 927 


-6=336 


6o.liH 


8.S00 


59.859 


-6.048 


65.191 


8.oev 


6li..809 


-5.571^ 


70.198 


7.06S 


69.802 


-4.866 


75.181 


5.889 


7i^.8l9 


-1^.037 


80.I48 


i^.585 


79.852 


-3.107 


85.106 


3.265 


8k, 89k 


-2.177 


90.061 


1 . 9Z^ 


89.939 


-1.235 


95 . 021 


,762 


9^.919 


-.J+32 


100 


0 


100 


0 


L.E. radii;?.: 1.57? 


T,S. radiu:;: 0.062-;> 
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ai4BLE II.- PEESSURE-OEIFICE LOCATIONS IK TEE NACA 66, 2-216 
(a = 0.6) AIRFOIL /J© IN THE 0.25-CHOED SLOTTED FLA? 



Wing 


orifices 




Flap 


orifices 


Station 






Station^ 




(percent 
airfoil 


Surface 


(percent 
airfoil 


Surface 


chorcL) 






cnoro- ) 




D 

u 


Leading edge 


1 J . 


Leading 


I edge 




Upper and lover 


1 J • 


Upper and lower 


1.25 






75.60 












76. i^O 












77.50 






7 50 






78.80 






10.00 






80.00 






15.00 






82.50 






20.00 






85.00 






25.00 






87.00 






30.00 






90.00 






35.00 






92.50 






1^-0.00 






95.00 






ii5.00 






97.50 






50.00 






98.80 






55.00 










60.00 










65.00 




/ 






70.00 






72.50 


Lower 








75.00 


Upper and .lover 






77.50 


Lover 








80.00 

1 


Lover 

„ 









Flap retracted 
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TABT:E III,- ORDIWATES FOR 0.2>-<3HORD SLOTTED FLAP 
ON THE MCA 66,2-2l6 (a = 0.6) AIEFOIL 
[Stations and ordinates in per- 
cent of airfoil chord] 



station 


Upper sm'face 


Lower svirface 


75.000 


-1.875 




75.521 


.0k2 


-3.062 


l6.0k2 


.895 


-3.^37 


77.083 


1.937 


-3.60i+ 


78.125 


2.61+6 


-3.^^17 


79.167 


3.125 


-3.229 


80.208 


3.1^58 


-3.OI+2 


81.250 


3.61+6 


-2.851+ 


82.292 


3.687 


-2.646 


83.333 


3.625 


-2.1+37 


8iv.375 


3.i^37 


-2.250 


85.IH7 


3.208 


-2.062 


87.500 


2.61+6 


-1.667 


89.583 


2.083 


-1.292 


91.667 


1.5^+2 


-.917 


93.750 


1.062 


-.583 


95.833 


.601+ 


-.333 


97.917 

100 


.271 


-.167 


T. 


E. radius: O.0625 
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N AT I ON AL ADV I SORY 
COMMITTEE FOR AERONAUTICS 




(a) Front viev fb) Rear view 

Figure 2.- The NACA 66,2-216 (a = 0.6) airfoil 
mounted in the 7~ 10-foot wind tunnel. 
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/^o^ r/ve /v^<r/9 ^e,e-a/<^ (ct^o6) s^o/A^'pe/? me ops-cho^d 

FLAP /}W SCOT A 
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(a) d'^^/O'' 

Pl/iP SLOT 8 
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(6.) 4. = ^O^ 

/=/o6/^e coA/T/A/(/^o, A/AC/) 6e,^-p/G (q- 0 6) /^/J^/^o/L equ/ppeo mr/^ r^e o-23' cpo/i^o 




r/cE^^e 4- coA/T/A/oeD, /vac a (SG.e-a/e (c^^o-<o) A/ePo/L e^u/^^eo y\^/rH rne oas-CA/o^o 

SLOTTED FLA^. 




SLorreo ^lap. 




f'o^ T^e A//\CA (c^^O'C) /Q/^/'O/L 4f^<:///^<F^ jy/r// 77/^ oes-c/yof^o 

f^LAP /)A/0 SLOT /9 




SLOT re O FL/^/=^. 




^/Gi//2e s- coA/T/A/c/eo. A/ACA ee,^-^/6 (a^o a) /t//e/=o/L equipped mr^ rne o-as-c^o^o 

SLOTTED /^L/)P>. 
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SLCTTEO FLA^. 



I 




SLOTTBD >=L/\/^. 




/=0/e z/^e- ///^r^ Ge.e-B/G Ca^o<^) /)//^Fc/L e^s^o/pp^^ >r//:v n/e cp-^s-c/^ojeo 




SLOTTED FLAP. 




SLOTTec FLflf:>. 




SLorreD plap. 




PLOTTED ^lAP' 




SLOTTED FLAP. 




^/Guee <a.- coAjr/A/oeo. naca (B6,e-2/e (a^o G) a/^fo/l equipped mrn the o-ss- c/ho/^d 

SLOTTBD FLAP. 



1 




/=^/<Bc/ee cc/j7/Ajuec. a/aca 6e, 2-^/6 (c^^o-c?) A/ePo/L equ/pp60 y//m the o es - cho.qd 

SLorrec ^lap. 




SLOTTEO FLAP 
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/i/eFo/L mr/^ SI or 8 




TesreD o/v T/^e a/aca Ge.a-a/^ (a^o(o) A'^e.^^o/t eoa/rPEo ^/r/^ r/^e" 
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